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What is a cloud and why to study 

clouds? 

 



3  Konferencja Poland-AOD, Warszawa, 3.07.2017 

Jędrzej S. Bojanowski 

What is a cloud? 

 A collection of liquid or frozen particles floating in the 

atmosphere and sustained by vertical motion (updrafts)  

 

 We identify clouds by their ability to reflect sunlight and by 

the temperature of their cloud tops, i.e., their brightness in 

visible and thermal imagery 
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Radiation budget 

 Only 10% (40 Wm-2) of infrared radiation 

emitted from Earth’s surface is not 

trapped by the greenhouse gases 
 

 65-85% of the trapped radiation is 

intercept by water vapour and cloud 

droplets 
 Cooling effect 

40 

Warming effect 

 22% (76 Wm-2 ) of incoming solar 

radiation is reflected by clouds and 

atmosphere – this is 76% of the total 

radiation reflected back to space 
 

 Clouds double Earth’s albedo from 0.15 

(no clouds) to 0.31 (including clouds) 
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Cloud forcing 

 The most uncertain component of climate 

models is cloud feedback 

 

 For all cloud types, it has been estimated 

at 0.6 Wm-2 for 1°C of air temperature 

increase, but with weighty uncertainty 

ranging from -0.2 to 2.0 Wm-2 (IPCC, 

2013) 

(IPCC, 2013) 

warming cooling 

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=cWa-WVzKKdy7KM&tbnid=n_c-Ii4mdUn7uM:&ved=&url=http://commons.wikimedia.org/wiki/File:Nasa-logo.gif&ei=9YqMU_v7D6SnyQO9qYDABA&bvm=bv.67720277,d.bGQ&psig=AFQjCNF4-P71ipXvb58q30pjmR1a-oQUfQ&ust=1401805941622495
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Rationale 

„The net radiative feedback due to all cloud types combined is likely 

positive. Uncertainty in the sign and magnitude of the cloud feedback is 

due primarily to continuing uncertainty in the impact of warming on low 

clouds.”  

 

Cloud properties are within a list of essential climate variables (ECVs) 

(with a special emphasis on satellite-based retrievals) of the Global 

Climate Observing System (GCOS), a part of the United Nations 

Framework Convention on Climate Change (UNFCCC) 

 

The ultimate projects’ objective has been to deliver cloud climate 

data records that can contribute to the better understanding of cloud-

climate interactions and cloud feedbacks, and in turn to reduction of 

uncertainty in future climate projections. 
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Cloud masking 
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Courtesy of Rob Roebeling (EUMETSAT) 



9  Konferencja Poland-AOD, Warszawa, 3.07.2017 

Jędrzej S. Bojanowski 

Meteosat Climate Data Record 
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Meteosat data 

 Fixed position ~36,000 km above equator  

 Hemisphere scanned every 15 or 30 minutes 

 Diurnal cycle resolved, no orbital drift issue 

 Limited spatial coverage 

 

Different spectral resolution: 

 First Generation / MVIRI (2/3 channels), 

1982-2005:  

 0.5-0.9 µm 

 11.5 µm 

 Second Generation / SEVIRI (3/12 channels), 

2005-2015:  

 0.6 µm + 0.8 µm  broadband 

 10.8 µm 

 

 
 

 

 

Geostationary 



11  Konferencja Poland-AOD, Warszawa, 3.07.2017 

Jędrzej S. Bojanowski 

Sensor calibration 

Yves Govaerts & Viju John (EUMETSAT) 

 Visible channel stable 

 Thermal channel calibrated after 1991 

+ HIRS 

Reflectance in the dessert (Libya) 

M4 M5 M6 M7 M2  M3 
1988 2002 

Brightness temperature (Libya) 

1988 2002 
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Meteosat data 

 

(Bojanowski et al., 2017) 

2005 
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Tests 

Test name Test basics 

Temperature score T10.8 vs Tcloud-free 

Brightness score ρVIS vs ρcloud-free 

Spatio-temporal Temprature 

Variance Score 

STT – for cloud boundaries and low 

level clouds with weak T signature: 
low – for temporarly static, but spatially varying 

high – for temporarly and spatially varying 

Spatio-temporal Reflactance 

Variance Score 

STR – same for brightness 

Temporal Temperature Variance 

Score 

TV – for broken clouds: 

variability within ±1 hour 

Day-night separation fnight – smooth day/night transition 
= 1 for θs<85° 

= 0 for θs>88° 

Day-night regression Compensation for less tests during 

daytime 

Cloud masking  background fields 
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Modeling (self-constrained 

and self-contained) background fields 
Clear-sky Brightess Temprerature 

Mannstein et al. (1999) 

Göttsche and Olesen (2009) 

 

ERA-Interim skin temperature 

used as a first guess 

The model is built on the Modified Lambert-Beer equations 

(Müller et al., 2004) for atmospheric scattering, the back-

scattering properties of land surfaces (Zelenka et al., 1999) and 

the terrain-dependent illumination conditions (Tan et al., 2010) 

Clear-sky Reflectance 

(Stöckli et al., 2017) 
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Naïve Bayesian classifier 

 Machine learning technique based on probabilistic classifier assuming 

independence of features (naive), e.g. cloud scores (from tests) 

 

 Here we apply so-called 2-dimentional histograms to calculate conditional 

probabilities 

 

 

 

 

 Supervised training into 7 classes (0-1 okta, 7-8 okta combined) 

 

 

 

 

 

(Stöckli et al., 2017) 
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Evaluation strategy 

Validation against: 

• 243 SYNOP (1991–2015), L2  daily/monthly means 

• CALIOP (2010), L2 

 

Intercomparison (monthly means) with: 

• MODIS AQUA+TERRA (2004–2015, MOD08/MYD08_M3) 

• PATMOS-x (1991–2015, collocations at L2, then aggregated to 

monthly) 

• CLARA-A2 (1991–2015, all sensors) 

• CLAAS-A2 (2004–2015) 

• Cloud_cci CC4CL AVHRR_PM (1991–2009) 

• 1143 SYNOP aggregated to monthly at 1°×1° (2005) 
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Validation against SYNOP (1991-2015) 

It complies with the optimal requirements for accuracy and 

precision for daily and monthly means 

Daily 

M
B

E
 

bcRMSE 

97% 

80% 

26% 

CFC 

0-100% 

(Bojanowski et al., 2017) 
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Validation against SYNOP (1991-2015) 

Sun zenith angle (deg) 

b
c
R

M
S

E
 

Viewing zenith angle (deg) 

b
c
R

M
S

E
 

Note: these stats are based on L2 

matchups, so precision requirements 

(bcRMSE) defined for L3 do not apply 

(Bojanowski et al., 2017) 
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Decadal stability  

Statistic T of SNHT test SNHT critical value 

It complies with the optimal requirement of 1% 

(Bojanowski et al., 2017) 
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MFG vs MSG 

(Bojanowski et al., 2017) 
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Validation against CALIOP (2010) 

It complies with the target requirement of 5% 

Stephan Finkensieper 

(Bojanowski et al., 2017) 
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Intercomparison (monthly means) 

(Bojanowski et al., 2017) 
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Intercomparison 

(Bojanowski et al., 2017) 
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Conclusions 

 Meteosat-based cloud amount climate data record has 

been produced (1991-2015) 

 MBE and RMSE fulfil optimal requirements as compared to 

SYNOP 

 It reveals the highest temporal stability among existing cloud 

CDR’s 

 It will be extended back to 1983 upon availability of the 

Meteosat 2 and 3 calibration 

 It will be available (with full documentation) as daily and 

monthly means at www.cmsaf.eu 
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Comparison with MODIS 
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Comparison with PATMOS-x (L2L3) 
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Comparison with CLARA-A2 
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Comparison with CLAAS-A2 
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Comparison with CC4CL-AVHRR 


